We demonstrate here that the intracellular routing of biotinylated ligands was not affected by the attachment of streptavidin gold colloids so long as the electron-dense marker was added after the biothyl ligand-receptor interaction had d . The binding, internalization, and intracellular routing of three diffetent biotinyl ligands were followed in mouse LM fibroblasts. The biotinyl (B) ligands included B-choleragenoid (B-CTd), B-wheat germ agglutinin (B-WGA), and
Introduction
Over the past 15 years gold colloids have emerged as the electrondense marker of choice in immunocytochemistry. Because of their availability in a range of sizes and owing to their superb electron density, gold colloids have been used in a wide variety of techniques for the localization of many ligands (9, 11, 27) . At the same time, many immunochemical techniques have incorporated the use of biotin-avidin interaction as a means of coupling a ligand of interest to a recorder molecule. The advantage of the biotin-avidin interaction is the high affinity that avidin has for biotin, i.e., IQ = IO-" M (37). We have used these two methodologies to follow the endocytosis and intracellular trafficking of biotinylated proteins using either succinyl avidin-or streptavidin-gold colloids (16-22, 28). The reagents were added sequentially and all labeling procedures were done before fixation and embedding.
Data from several different investigators suggest that the inuacellular routing of gold-labeled ligands is different from that of native ligands (25,34,38). Others have shown that cross-linking of ligands results in aberrant intracellular routing (1,10,14,29,35,36).
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We also monitored the internalization and routing of native PE by an inditea immunoperoxidase technique done in conjunction with saponin solubilization. The results corroborated the observations with the biotinyl-PE-streptavidin-gold method. In contrast, biotinyl-PE added to streptavidin-gold before addition to LM alls was poorly internalized and routed aberrantly. From these observations we condude that the biotiny1 ligand-avidin-gold technique is a valid method for following the binding, internalization, and intracellular routing of ligands. (J Hisrochem Cytochem 40:711-721, KEY WORDS: Biotin; Avidin; Gold; Endocytosis.
1992)
The reason that gold-labeled ligands are routed incorrectly is probably a function of multiple ligands on a single gold colloid, i.e., an artificial cross-linking.
In this report we demonstrate that the addition of biotinyl ligand followed by avidin-gold colloids does not alter endocytosis and subsequent intracellular trafficking. We postulate that if the initial interaction between the cell surface receptor and the biotinyl ligand is unaltered by the presence of the biotin moiety, then the addition of avidin-gold colloid after receptor-mediated binding has minimal effect on internalization and intracellular trafficking.
Materials and Methods
Cell Line. Mouse LM cell fibroblasts (ATCC CL 1.2 LM, a derivative of L929 cells which were cultured from connective tissue) were used throughout this study. LM cells were maintained as monolayers in McCoy's 5A medium (Gibco; Grand Island, NY) containing 5 % heat-inactivated fetal calf serum, penicillin (200 U/ml), and streptomycin (0.2 mg/ml).
Ligands. Native Pseudomonas exotoxin A (PE) was purchased from List Biochemical Laboratories (Campbell. CA; Cat. #160). Native PE was biotinylated at a 5:l molar ratio with biotinamidocoproate N-hydroxysuccinimide ester (Sigma, St Louis, MO; Cat. #B-2643) as reported previously by us (20) . resulting in B-PE. Native choleragenoid (CTd, the B-fragment of cholera toxin) and biotinyl-CTd were purchased from List (Cat. #lo3 and 113). Native wheat germ agglutinin (Triticum vulgarti. WGA) and biodnyl-WGA (B-WGA) were purchased from Sigma (Cat. #LO636 and L5142).
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Streptavidin-Gold Colloids (SIX-Au5): Gold sols with average diameters of 5.2 m were prepared by the reduction of gold chloride with white phosphorus-saturated ether (20) . After preparation the sols were stabilized with streptavidin. In preparation for adsorption, streptavidin (STA; Sigma, Cat. #S-4762) was re-suspended to 1 mg/ml in distilled water (10 ml total volume) and dialyzed against four 1-liter changes of 5 mM phosphate buffer at 4'C over a 72-hr period. Before use, the protein solution was clarified by centrifugation at 1500 x g for 10 min and filter-sterilized through an 0.22-pm filter.
The amount of protein required to stabilize a given volume of each of the sols was determined by the titration method described previously (20.23). After stabilization of the gold with STA, each preparation was allowed to sit at 4°C for 72 hr. STA-Au5 was collected by centrifugation at 18,000 x g for 3 hr at 4°C. The resultant soft pellet was re-suspended to one half its original volume in 5 mM phosphate buffer and diluted to its original volume with 0.10 M Tris-HC1 buffer, pH 7.5, containing 0.30 M NaCl and polyethylene glycol (MW >20,000; 0.4 mglml; PEG). All colloidal suspensions were filter-sterilized using an 0.22-pm fdter and stored at 4°C.
To prepare B-PE-STA-At15 colloids, 1 mg of B-PE (prepared as described above) was added to 17 ml of STA-Au5 and stirred vigorously for 30 min at 23'C. To allow the binding to go to completion, the suspension was incubated for an additional 48 hr at 4°C with occasional stirring. Free biotin binding sites were saturated by the addition of 23 ml of 50 mM Tris, pH 7.3, containing D-biotin at 1 mglml. This suspension was incubated for 48 hr at 4'C with occasional stirring. Unbound biotin was removed by extensive dialysis against 50 mM Tris, pH 7.4, containing 0.15 M NaCI. The resultant concentration of B-PE in these colloids was calculated to be 25 pglml. That B-PE had been bound by the STA-Au5 was demonstrated by an immunoprecipitation assay, using goat anti-PE (List Biochemical; Cat. #760). This procedure resulted in the removal of all red color from the solution, and a red-colored precipitate.
Endocytosis of Biotinyl Ligands. For experimental use, LM cells were grown to near confluence in 35-mm plastic petri dishes (Falcon #3801; Becton-Dickinson, Lincoln Park, NJ). Before use the monolayers were washed three times and incubated in Hanks balanced salt solution with 1% bovine serum albumin (HBSS-BSA) containing horseradish peroxidase (Sigma; Cat. #P6782) at 1 mglml. After 1 hr at 37°C the cells were washed three times with HBSS-BSA and incubated for an additional 1 hr in HBSS-BSA (without HRP). These steps were included to remove exogenous biotin and identify the lysosomal compartment (30,31). Monolayers were washed three times with cold HBSS-BSA and incubated at 4°C for 20 min before initiation of the experiment. Two ml of pre-cooled biotinyl ligand, adjusted to the appropriate concentration (i.e., B-PE 100 nglml; B-CTd 50 pglml; B-WGA 1 pglml) were added to each plate. In all experiments biotinyl ligands were used at saturating concentrations. Two ml of HBSS-BSA were added to the control sample. In addition, to demonstrate specificity, a competition control was included for each biotinyl ligand. Competition samples include a 200-molar excess of native ligand. Binding occurred during a I-hr incubation at 4'C with occasional agitation. After three washes with cold HBSS-BSA, 2 ml of HBSS-BSA containing STA-Au5 (diluted 1110) were added. All samples were incubated at 4°C for 30 min. Subsequently, samples were washed three times with cold HBSS-BSA. The zero time sample and the control sample were additionally washed three times with cold HBSS containing 5 % sucrose (HBSS-SUCROSE) and fmed for 30 min at 4°C with HBSS-SUCROSE containing 1.5 % glutaraldehyde. Two ml of pre-warmed HBSS-BSA were added to all other samples. After warming for various lengths of time, endocytosis was stopped by three washes with cold HBSS-SU-CROSE and fixed as described above. To identify the lysosomal compartment, all samples were washed three times with 50 mM Tris, pH 7.4, containing 7.5% sucrose (Tris-SUCROSE). The localization of HRP resulted from the formation of an electron-dense precipitate caused by the addition of 2 ml of Tris-SUCROSE containing diaminobenzidine (0.5 mglml) and H202 (0.01%) (7) for 20 min at 23°C. All samples were next washed three times with cold 0.1 M sodium cacodylate buffer, pH 7.4, containing 7.5% sucrose (SCB), and fixed for 30 min at 4'C with SCB containing 4.0% paraformaldehyde and 2.5% glutaraldehyde. Samples were next post-fixed for 1 hr at 4'C in SCB containing 1% os04 which had been reduced with 1.5% potassium ferrocyanide (12). After three washes with cold SCB, followed by three washes with dd H2O at 23°C. all samples were scraped from the petri dishes and embedded in 1% low temperature gelling agarose (Sigma; Cat. #A-5030) in plastic microfuge tubes. The cells were allowed to settle to the bottom of the microfuge tubes by gravity and the agarose was solidified by overnight incubation at 4'C. The following morning the agarose plugs were removed, diced into small cubes about 1 mm3, and dehydrated by three washes with 70% ethanol. To enhance contrast, samples were stained en bloc for 10 min at 23'C with 0.5% uranyl acetate in 70% ethanol. After three washes with 70% ethanol, dehydration was completed by three 5-min incubations in 100% ethanol.
Samples were infiltrated with a 1:l mixture of Eponate-12 (Ted Pella, Redding, CA; Cat. #18010) (Eponate 12-24 ml; DDSA 14 ml; MNA 12 ml)-100% ethanol. After a 90-min incubation the above was replaced with a 3:l mixture. After a second 90-min incubation, samples were infiltrated overnight in pure resin (minus accelerator). The following morning the resin was replaced with pure resin containing DMP-30 as the accelerator (0.2 ml of DMP-30 per 9.8 ml resin). Samples were incubated at 23'C for 10 hr and polymerized at 65°C for 72 hr. After polymerization, ultra-thin sections were cut with a Reichert Ultracut E Ultramicrotome (A0 Spencer; Buffalo, NY) using a diamond knife (Diatome-US; Ft Washington, PA) and picked up onto 2OO-mesh copper grids. Samples were viewed unstained with a JEOL100CXII microscope at 80 kV.
Scoring Samples. A cell to be scored was picked randomly at low magnification, i.e., x 5000. To be selected, a potential cell had to be sectioned through the nucleus and have a nuclear to cytoplasmic ratio of about 1. Having fulfilled these criteria, the magnification was increased to x 27,000 and the cell scored. When LM cells had been incubated with either B-PE or B-CTd, samples were scored directly "on screen." In these instances, sites were scored. A single site could contain a single gold grain or multiples of gold, as long as the members of a multiple were within 50 nm of one another. Any gold sitings within 50 nm of the plasma membrane, either intracellular or extracellular, were scored as surface sites. If the location involved clathrin, it was noted. Any intracellular siting within an HRP-positive vesicle was scored as lysosomal. Intracellular sites located within the Golgi cisternae or within vesicles just peripheral to the cisternae were scored as Golgi. Any other siting greater than 50 nm from the plasma membrane and not associated with either lysosomes or Golgi was scored as endosomal. Within the endosomal compartment, distinction was made on the basis of structure, e.g., tubular, vesicular, vesiculotubular, C-shaped, or multivesicular.
The above obviated quantitation from photographs and was permissible because the number of binding sites per cell per thin section was usually less than 30. Saturation of LM cell surface receptors by B-WGA resulted in gold labeling of the entire cell surface; therefore, "on screen" quantitation as described for the biotinyl toxins was not possible. In these instances direct quantitation of gold grains was done from electron micrographs. To be consistent only perinuclear regions containing well-defined Golgi were photographed. All micrographs were taken at x 27,000 and usually contained, in addition to the nuclear membrane and Golgi, a portion of the plasma membrane. Frequent HRP-positive organelles typified this region. Identification of gold-labeled organelles was done as described for "on screen" scoring.
Localization of Native PE by an Indirect Immunoperoxidase T&que.
To evaluate the internalization and intracellular trafficking of native PE by mouse LM fibroblasts, we used an indirect immunoperoxidase technique in conjunction with saponin solubilization. This technique is a modification of the method described by Brown and Farquhar (4) . LM cells grown on 35-mm plastic petri dishes (Falcon) were incubated in 2 ml of HBSS with ovalbumin (Sigma; Cat. #A5503) at 1 mg/ml, containing PE (100 ng/ml), for 1 hr at 4'C with occasional agitation. After three washes with cold HBSS-OVA, 2 ml of pre-warmed HBSS-OVA were added and samples were warmed to 37°C for times ranging from 1-60 min. Internalization was stopped by fixation with periodate-lysine-paraformaldehyde (PLP) fixative (13) for 4 hr at 23'C. After PLP fixation, all samples were incubated in HBSS containing sodium borohydride (0.5 mglml) for 5 min at 23% and washed three times with HBSS-OVA. Samples were rendered permeable by a 60-min incubation at 23°C in HBSS-OVA containing 0.005% saponin (Sigma; Cat. #S1252; HBSS-OVA-SAP). From this point on all immunohistochemical reactions were done in HBSS-OVA-SAP. Samples were first incubated for 24 hr at 23'C in rabbit anti-PE diluted 1:lOO. Preparation of rabbit anti-PE has been described previously (6) . After multiple washes in HBSS-OVA-SAP over a 2-hr period, all samples were incubated in 2 ml of HBSS-OVA-SAP containing peroxidase-labeled goat (Fab fragment) anti-rabbit IgG (Bio-Sys, Compiegne, France; Cat. #BI-3407) for 4 hr at 23'C. Again, all samples were washed multiple times in HBSS-OVA-SAP over a 2-hr period. In preparation for fixation, all samples were washed three times with HBSS containing 5 % sucrose (HBSS-SUCROSE) at 23'C. Samples were fixed for 30 min at 23'C with HBSS-SUCROSE containing 1.5 % glutaraldehyde. The localization of the HRP sites was done as described above, after which all samples were washed with cold SCB and post-fixed with potassium ferrocyanide-reduced 1% 0~0 4 . Dehydration, staining en bloc, infiltration, and embedding were as described above. Control samples were included in every experiment and consisted of the following samples: (a) a sample in which PE was excluded; (b) a sample in which PE and rabbit anti-PE were excluded; (c) a sample in which the primary antibody was replaced with normal rabbit IgG and (d) a sample in which PE, the primary, and the secondary antibody were omitted.
Results

Binabg, Internalization, and Intracelhlar Routing of B-PE
To form a baseline for comparison, the interaction of B-PE with mouse LM fibroblasts was re-evaluated, using a method of cell processing that resulted in better morphological preservation. In previous studies (18-22) all immunocytochemical manipulations and preparation of samples for electron microscopy were done in situ in vitro (6) . After polymerization, ultra-thin sections were cut parallel to the plane of growth. Although this technique resulted in adequate ultrastructural detail, the Golgi apparatus was often difficult to visualize. We subsequently found that scraping the LM cells from the plastic substrate (after the immunohistochemical reactions and fixation) before processing for electron micrmopy resulted in enhanced morphological detail, especially with reference to the Golgi. In fact, the Golgi, which by the former procedure was apparent in only an occasional section, was a prominent organelle in almost all sections containing nuclear elements. Throughout this study we used the scraping method because (a) it resulted in superior ultrastructural detail and (b) we have postulated previously a central role for the Golgi in the activation and escape of PE in mouse LM fibroblasts (16, 17, 21 fold excess of native PE. This resulted in a 67.5% reduction in binding.
As reported previously (6, 16, 17, (19) (20) (21) (22) (23) (Figures 1 and 2 ). These results corroborate earlier findings (6, 19, 22, 23) .
To test the affect of the STA-gold colloids on the endocytosis of B-PE, we prepared B-PE-STA-gold colloids. In this preparation the streptavidin acted as a bridge between the 5-nm gold colloid and the B-PE. This relationship closely approximated that seen after sequential addition of these reagents. In two separate studies we were unable to demonstrate any binding of B-PE-STA-gold complexes by mouse LM fibroblasts. This was the case even when we used the B-PE-STA-gold at a concentration of 25 pglml. Furthermore, when incubated continuously with LM cells (B-PE-STA-gold at 25 pglml) at 37°C. very little probe entered the cells. That which did enter was transferred to HRP-positive organelles without Golgi involvement (data not shown).
Internalization and Intracellular Eafiicking of Native PE: Localization by an Indirect Im munoperom'dase Technique
To determine intracellular trafficking of native PE in mouse LM fibroblasts, cells were incubated with native toxin as described above for B-PE. Because native PE is not electron dense, the intracellular sites of residence were localized by an indirect immunoperoxidase assay after saponin solubilization ( 5 ) . With this technique we determined that the kinetics and intracellular trafficking of native PE and B-PE were remarkably similar. As with B-PE, native PE entered via clathrin-coated pits and shortly after entry was seen in clathrin coated vesicles and vesicular endosomes ( Figure 3) . By 20 min post internalization, native PE was frequently seen in vesiculotubular organelles in the Golgi region ( Figure 4 ). HRP precipitate was less frequently seen in tubular organelles and was not seen in Golgi cisternae. Control samples, i.e., samples in which normal rabbit IgG replaced the primary antibody, failed to show detectable levels of HRP precipitate in any intracellular compartment (not shown).
Binding, Internalization, and Intracellular Traficking of B-CTd
In this series of experiments we monitored the endocytosis of the binding fragment of cholera toxin, i.e., choleragenoid. This protein is a homopolymer consisting of five identical subunits known to bind to GMI gangliosides ( 5 ) . To follow these events we used biotinyl-choleragenoid (B-CTd). As with B-PE, B-CTd was allowed to bind to mouse LM fibroblasts for 1 hr at 4'C. After three washes with HBSS-BSA, STA-gold was added and the cells were incubated for 30 min at 4OC, after which samples were incubated at 37°C for various times. The results of this study are shown in Table 2 . There were several differences between the endocytosis of B-PE and B-CTd. First, whereas B-PE entered cells via clathrin-coated pits, B-CTd did not. Second, B-CTd-gold was seen in the Golgi region on only two occasions in three separate experiments. Third, significant levels of B-CTd-gold were seen in HRP-positive vesicles by 10 min post internalization and increased in frequency more rapidly than did B-PE-gold (at similar times post internalization) ( Figure 5 ) . From these experiments we conclude that LM cells internalize and route B-PE and B-CTd in different ways.
as ligand because it binds essentially irreversibly to surface glycoproteins and glycolipids (8); specifically, WGA has an affinity for D-N-acetylglucosamine and clustered sialic residues (2). First, it was established that B-WGA saturated LM cell surface receptors at a concentration of 1 p g h l ( Figure 6 ). On warming to 37"C, B-WGA entered via clathrin-coated pits (not shown). Binding of B-WGA is specific and can be blocked by a 200-molar excess of native WGA. Next we evaluated the intracellular localization of B-WGA-gold complexes at 10, 20 , and 30 min after warming to 37°C. At 10 min post internalization, intracellular B-WGA-gold was seen in various HRP-negative organelles, including vesicular structures, tubular organelles, multivesicular bodies, and C-shaped organelles. At 10 min post internalization B-WGA-gold was seen frequently in the Golgi region but rarely in Golgi cistemae. By 20 min after entry, B-WGA-gold was noted with increased frequency in the Golgi and occasionally in a HRP-positive vesicle, i.e., lysosome. By 30 min post internalization (Table 3) , -8% of the total intracellular sitings were still associated with the Golgi (Figures 7 and 8) . The vast majority, -72 %, were associated with the endosomal compartment. The remaining 20% were localized to the lysosomes, i.e., HRPpositive vesicles.
The intracellular location of the three ligands after 30 min incubation is contrasted in Table 3 . It is very clear that the ligands are distributed differently between endosome, Golgi, and lysosome at this time point. All three biotinyl ligands were incubated with LM cells and then identified with gold colloids in the same manner. Therefore, these data suggest that the ligand itself, not the gold associated with the ligand, directs the intracellular movement. Table 2 With reference to the data presented in Table 3 it should be kept in mind that because B-WGA is scored differently than the biotinyl toxins, the actual percentage in the various intracellular compartments is different. Localization of B-WGA-gold was done by direct quantitation of gold grains. Localization of the biotinyl toxin-gold conjugates was done on the basis of sites, where a site may contain from one to >lo gold grains. Typically, the number of gold grains per site increased as a function of time. Cell surface sitings were usually isolated gold grains. Endosomal sitings (e.g., >lo min post internalization) averaged two to five gold grains per site. Lysosomal sitings usually averaged about 10 grains per site, but complexes in excess of 20 grains were not uncommon. Therefore, the actual number of gold grains in the lysosomal compartments of LM cells incubated with either B-PE or B-CTd may be significantly greater than indicated in Table 3 .
Discussion
Several years ago we reported that mouse LM fibroblasts internalized and routed B-PE and biotinyl diphtheria toxin (B-DT) in a different manner. B-PE is internalized by receptor-mediated endocytosis via clathrin-coated pits, routed to the Golgi apparatus, and ultimately delivered to the lysosomal compartment. In contrast, B-J3T is internalized via a nonspecific adsorptive mechanism not utilizing clathrin-coated pits and is delivered directly to the lysosomes without Golgi involvement (24). On the basis of these observations, we postulated that if the receptor-ligand interaction occurred before the addition of the gold, the subsequent internalization and intracellular trafficking were unaffected (20). In contrast, others have shown that gold-labeled ligands are routed intracellularly in an aberrant manner (25.34.38). Willingham (38) and Neutra et al. (25) showed that gold-labeled transferrin, in contrast to native transferrin, does not recycle to the cell surface. van Deurs et al. (34) showed that gold-labeled ricin is not routed to the Golgi in monkey kidney cells. However, a small percentage either of native ligand or of monovalent conjugates that form between ricin and HRP are routed to the Golgi apparatus. On the basis of these results, van Deurs and colleagues postulate that ligand-receptor valency affects intracellular routing and that multivalent ligands (a condition that exists when homogeneous proteins are adsorbed onto gold sols) are routed to the lysosomal compartment. This postulate is corroborated by the observations made by others (1,10.14,29,35.36) . The data we present here, however, prove that when gold colloids are added after the biotinyl ligand has bound to receptor subsequent intracellular routing is not altered.
The ligands we followed were biotinyl Pseudomonas exotoxin A, the biotinylated B-fragment of cholera toxin, and biotinyl-wheat germ agglutinin. Each was chosen because it binds to a different cell surface moiety. PE is bound by a glycoprotein (32). CTd is bound by a glycolipid, G M~ ( 5 ) . WGA is a plant lectin that avidly binds D-N-acetylglucosamine and sialic acid residues (2). To allow comparison, the intracellular trafficking of all three biotinyl ligands was followed in mouse LM fibroblasts. Before the binding of the 
719
biotinyl ligands, the mouse LM cells were incubated in medium containing HRP for 1 hr at 37"C, followed by a 1-hr chase with medium alone. This resulted in HRP labeling of the lysosomal compartment (27, 30, 31) .
Because of our longstanding interest in PE, the major emphasis of this study was on this toxin. Data presented in Eble 1 show that B-PE rapidly enters LM cells through clathrin-coated pits and is routed via endosomes to the Golgi and lysosomal compartments. These observations corroborate early findings (22, 23) . To substantiate that neither biotinylation of the toxin nor localization using streptavidin-gold colloids caused errant intracellular trafficking, we followed the intracellular routing of native PE using an indirect immunoperoxidase method in conjunction with detergent solubilization. No significant variation of intracellular localization was observed. The minor difference that was noted, i.e., lack of localization of peroxidase precipitate in tubular vesicles or Golgi cisternae, was possibly attributable to threshold levels of reaction product. Furthermore, subcellular fractionation assays using either 1251-labeled PE (17) or native PE (Mucci et al., manuscript in preparation) define a similar intracellular routing pattern.
One interesting difference noted between the biochemical and morphological assays was the time of appearance of PE in the Golgi. Measurable quantities of PE were associated with galactosyltransferase (truer-Golgi marker, biochemical assay) earlier than biotinyl-PE-streptavidin-gold was seen in the Golgi region (Mucci et al., manuscript in preparation) . This suggested that although the gold colloid does not affect intracellular routing, it may retard the kinetics of trafficking. This is consistent with the observations of others (3, 26) .
We then evaluated the effect of attaching the streptavidin-gold to the B-PE before addition to mouse LM cells (B-PE-STA-AuS). Accordingly, we pre-incubated B-PE with streptavidin-gold colloids. In two separate experiments, the B-PE-STA-AuS failed to bind to mouse LM fibroblasts. Continuous incubation at 37°C in B-PE-STA-AuS (toxin concentration = 25 pg/ml) resulted in low levels of internalization; that which was internalized was directly routed to HRP-positive vesicles, i.e., lysosomes.
Experiments using two other biotinylated ligands also showed that the ligand directs its own routing. Unlike B-PE, B-CTd did not enter LM cells via clathrin-coated pits. This observation is in agreement with those of others who have shown that cholera toxin enters through non-clathrin-coated regions (15,33), Likewise, B-CTd was infrequently routed to the Golgi. In three separate experiments, only two B-CTd-gold sitings were made in the Golgi region. In addition, B-CTd-gold co-localized to HRP-containing compartments more rapidly than did B-PE. Similar to B-PE, B-WGA entered via clathrin-coated pits and was routed to the Golgi region. However, B-WGA remained in the Golgi region for longer times and entered HRP-positive compartments at a much slower rate than B-PE. Comparison of the intra-organellar residence of the three ligands at 30 min post internalization (Table 3) suggests that the attachment of gold to a ligand via biotinyl-streptavidin interaction (after ligand-receptor binding) does not affect intracellular trafficking. If it was the gold colloid that determined the routing, it would be expected that all three ligands would enter by a similar mechanism and would be seen in similar intracellular locations at corresponding times post internalization. This clearly is not the case.
Taken together, the observations presented in this report prove that the biotinyl ligand-avidin-gold technique is a valid method to follow the binding, internalization, and intracellular trafficking of ligands. Because methods for the biotinylation of many reactive groups (associated with a variety of ligands) have been described (37), and because of the commercial availability of streptavidin-gold colloids, the biotinyl ligand-avidin-gold technique should have wide applicability. Furthermore, this technique is a pre-embedding method that allows standard fixation, embedding, polymerization, and ultra-thin sectioning.
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